Confirming an earlier report, it was shown that the endogenous inhibitor of potato tuber invertase forms an es.
Contrary to previous reports that inhibitor could be selectively inactivated through foaming in a blender, both enzyme and inhibitor appeared to be denatured by such treatment. Foaming accomplished by passing nitrogen gas bubbles through extracts gave more favorable results.
The purposes of this communication are to point out conflicts present in published reports of a naturally occurring inhibitor of potato invertase; to support the view that the invertase-inhibitor complex is of low dissociability; to demonstrate that the complex has an extremely slow rate of formation, especially at low temperatures; and to examine the degree to which the inhibitor is selectively inactivated by foaming.
Schwimmer et al. (16) concluded that there was evidence for the presence of an endogenous inhibitor of invertase activity in potato tubers. Pressey (11, 12) convincingly demonstrated that such an inhibitor was present, reported on its partial purification, and characterized the inhibitor as a protein with a molecular weight of about 17,000. By means of LineweaverBurk plots, he showed that the inhibition was noncompetitive.
Several workers (5, 9, 16) applied equations based on noncompetitive, highly dissociable enzyme-inhibitor complex formation to determine the amount of invertase present in tuber extracts. Pressey (11) mentioned that the reciprocal of enzyme activity plotted against inhibitor concentration after the method of Dixon (1) gave a straight line. This would indicate a highly dissociable complex. However, a later paper (12) stated, without presenting data, that the enzyme-inhibitor complex showed characteristics of low dissociability (6) . If inhibitor complex is actually of low dissociability, then the equations used by previous workers (5, 9, 16) would be in serious error (2, 4) . Therefore, it seems worthwhile to examine further the dissociability of the enzyme-inhibitor complex.
MATERIALS AND METHODS
Crude extracts from potato (Solanum tuberosum L.) tubers were prepared for assay as described by Pressey and Shaw (14) , including the use of an Acme Juicerator for homogenization. A shortened form of the procedure outlined by Pressey (12) was followed for partial purification of invertase inhibitor, using only the acid precipitation, fractionation with ammonium sulfate, adsorption on alumina gel, and Sephadex G-100 steps. Invertase purification was accomplished by the procedure of Pressey (12) , except that crude extracts were subjected to longer foaming periods in an attempt to inactivate the inhibitor more completely. Enzyme and inhibitor preparations were buffered with acetate at pH 4.75. Pressey's (11) definition of invertase activity was adopted whereby 1 unit is that amount of enzyme which liberates 1 ,umole of reducing sugar per hr under the conditions of the assay.
Pressey's (11) assay was employed with slight modifications.
The volume of the incubation mixture was reduced to 1 ml. The mixture was 0.1 M with respect to acetate buffer, pH 4.75, and 0.25 M with respect to sucrose. This sucrose concentration gave the optimal reaction rate for the range of enzyme concentrations used in our experiments. The assay was performed at 37 C for 1 hr. The reaction was linear with time throughout the assay period. One milliliter of copper reagent (17) , which completely stops invertase activity, was added to terminate the reaction. Tubes were immediately heated for 20 min in a boiling water bath. After cooling, 1 ml of arsenomolybdate color reagent (10) and 7 ml of water were added. Solutions were then mixed and centrifuged 10 min at 500g, and their absorbance was read at 520 nm. Boiled enzyme blanks included as controls did not vary significantly in absorbance from reagent blanks.
Foaming of solutions was performed with a VirTis blender (12, 14) set on medium speed. The homogenizing flask was kept in a water bath at 37 C during blending. An alternative method of foaming employed N2 gas bubbled into 0. 
RESULTS
From previous work (6, 7) with naturally occurring, proteinlike inhibitors, it seemed possible that the combination of in-vertase with the endogenous inhibitor would proceed at a rate sufficiently slow to be measured. To test this possibility, partially purified inhibitor was added to partially purified enzyme at various intervals prior to the actual invertase assay and preincubated at 2 or 37 C (Fig. 1) . To check enzyme stability, the enzyme was also preincubated in the absence of inhibitor. With no preincubation, the amount of inhibitor used reduced enzyme activity by 18%. Preincubation at 2 C further reduced the activity to only 49% of the control, but considerable preincubation time was required to reach the maximal inhibition. For example, 6 hr of preincubation gave inhibition about half-way between that obtained without preincubation and the maximal level. At 37 C maximal inhibition was obtained with much shorter preincubation time. Thus 1 day at 2 C and 1 hr at 37 C each gave 49% of the control activity. Presumably much of the inhibition which was noted in the absence of a preincubation period or following short preincubation reflects formation of the enzyme-inhibitor complex which occurred during the 1-hr assay at 37 C. In spite of the longer preincubation time required at 2 than at 37 C, the lower temperature seemed preferable because the enzyme showed a gradual loss of activity when preincubated alone at 37 C ( Fig.  1 ). Based on these results, in subsequent experiments mixtures of enzyme and inhibitor were routinely preincubated for 2 days at 2 C before assaying. The preincubation period was extended to 3 or 4 days when working with extremely dilute solutions of enzyme and inhibitor.
The instability of enzyme at 37 C raised the question of inhibitor stability under these conditions. Therefore, inhibitor solution was placed in a shaker bath at 37 C for various intervals up to 4 hr. Enzyme was then added, and the mixture was preincubated and assayed. It was found that even 4 hr at 37 C had no detectable effect on inhibitor activity (data not shown). Since Pressey (11) made no mention of a preincubation of enzyme and inhibitor, it seemed desirable to repeat the experiments from which he concluded that inhibition was noncompetitive. The resulting (12) .
The next question examined was the dissociability of the enzyme-inhibitor complex. To investigate this, the concentration of enzyme was held constant, and the amount of added inhibitor was varied. The results were plotted in two ways: (a) with inhibitor concentration plotted against the reciprocal of the reaction rate, and (b) with inhibitor concentration plotted against percentage inhibition. If the complex is highly dissociable, the first method of plotting should produce a straight line and the second method should result in a pronounced curve.
On the other hand, if the complex is undissociable, the first method should give a curve and the second a straight line. As shown in Figure 3 , both methods of plotting yielded graphs consistent with an undissociable complex. Also consistent with this type of complex was the graph of percentage inhibition plotted against enzyme concentration at a constant level of inhibitor (Fig. 4) . Percentage inhibition decreased with increasing enzyme concentration, and the rate of decline was less the greater the amount of enzyme added. In contrast, an enzyme- Figure 5 , there is no more deviation from linearity when a mixture of enzyme and inhibitor is taken for assay than there is when partially purified invertase is assayed alone.
If, as these results indicate, the enzyme-inhibitor complex is undissociable, or nearly so, then classical inhibition kinetics cannot be applied to determine the amount of enzyme and inhibitor present in tuber extracts (4) . Hence, it would be especially helpful to have some method of selectively inactivating either the invertase or the inhibitor in a mixture of the two without affecting the activity of the other. Pressey (11) claimed that this could be accomplished by "foaming" potato extracts, for example, by stirring vigorously in a blender or by bubbling N. through the extract. He concluded that the inhibitor was surface-denatured by the foaming and that the invertase was unaffected. In later work (13, 14) the blending technique, slightly modified, was utilized to estimate "total" and "basal" invertase levels in potato tuber extracts. However, Moll (9) , using a different type of blending apparatus, was unable to destroy inhibitor without some loss of invertase activity. We, therefore, foamed extracts for various time periods by stirring in a blender and by bubbling N2.
Vigorous stirring of tuber extract in a VirTis blender according to the method of Pressey and Shaw (14) resulted in increased invertase activity, but in our hands the method was not selective. As shown in Figure 6 , more than a few minutes of stirring appeared to produce inactivation of the enzyme. Foaming accomplished by bubbling N2 appeared to destroy the inhibitor more slowly but was less destructive to the enzyme (Fig. 6) . When partially purified invertase was subjected to blending, enzyme destruction was even more apparent (Fig. 7) . In view of the unsatisfactory results obtained by stirring in the blender, we examined the effects of bubbling N2 through solutions of partially purified enzyme and inhibitor. Treatments and results from two separate experiments, each replicated six times, are presented in Table I . Foaming produced 3-fold increases in the invertase activity of enzyme-inhibitor mixtures, with no significant differences whether foaming was for 5, 10, or 20 min. Foaming also produced a slight increase in the activity of partially purified invertase to which no inhibitor had been added. Apparently some inhibitor had survived the purification procedure even though the first step in purifying was to stir for 30 min in the VirTis, compared to the 10-min blending recommended by Pressey (12) . The only other significant difference in enzyme reaction rates occurred when invertase was added after the foaming of the inhibitor. In this case contaminating inhibitor present with the invertase would not have been foamed; and, as might be expected, values did not significantly differ from that obtained for the unfoamed enzyme to which no inhibitor was added. There was some indication that preincubation of enzyme and inhibitor protected the inhibitor against inactivation, since after 5 min of foaming the samples preincubated before foaming showed slightly higher reaction rates than did samples which were preincubated only after foaming. The difference disappeared with longer foaming periods.
Other experiments (data not shown) indicated no detectable difference whether the water bath temperature was 27 or 37 C 
DISCUSSION
The observation which led to the discovery of invertase inhibitor in potato tubers was deviation from linearity that occurred when reaction rate was plotted against crude enzyme concentration (11, 15, 16) . Ironically, the inhibitor discovered (12) is not of the type which would affect linearity. It is clear from the data presented in Figures 3, 4 (2, 4) . From the available data it is not possible to state whether the enzymeinhibitor complex is completely undissociated (K, = 0) or whether a very slight degree of dissociation occurs (very small K,).' A plotting of the data from Figure 3 according to the equation for high affinity, reversible inhibition (2) produced considerable scattering from a straight line. There was no indication that the slope of the line, which should be proportional to K,, was greater than zero. Whether the complex is completely undissociated or only nearly so, previous methods (5, 9, 16) based upon an equation which assumes a highly dissociated enzyme-inhibitor complex are not applicable (4) .
Although Pressey (11, 12) did not mention the need for preincubation of enzyme and inhibitor in order to permit complex formation to reach equilibrium, we found, as he did, that Lineweaver-Burk plots indicate noncompetitive inhibition. Thus the enzyme-inhibitor complex can be characterized as noncompetitive with substrate, dependent upon temperature with respect to rate of formation, and essentially undissociable.
Pressey and Shaw (14) showed that during storage of potato tubers either invertase or inhibitor may be in excess and that high storage temperatures tend to shift the balance toward the inhibitor. It obviously would be of interest to follow temperature-induced changes in absolute concentration of both inhibitor and enzyme. At least in our hands, however, the method of Pressey and Shaw (14) for selectively inactivating inhibitor by foaming in a blender was not satisfactory. Such foaming did increase the invertase activity of crude extracts, indicating that the inhibitor was inactivated more rapidly than the enzyme;
Since the molecular weight of the inhibitor has been only estimated from Sephadex chromatography and the inhibitor has been only partially purified (12) , a reliable value of K, cannot be computed. but the experiments with partially purified enzyme showed that it too was affected by the foaming.
Foaming by passing N2 through the extracts at a controlled rate appeared more promising. The destruction of inhibitor was less rapid than in the blender, but there was much less indication of invertase inactivation. In fact, the activity of partially purified invertase was increased by N2 foaming. This was confirmed with other batches of enzyme, although the size of the response varied considerably from one batch to another. Presumably a small amount of inhibitor was present as a contaminant, even though one would not expect it to have survived 30 min of foaming in the blender only to be inactivated by 5 min of bubbling N2.
The length of time required to remove all inhibitor by N2 foaming varied from extract to extract. Data in Table I indicate that S min were sufficient to inactivate inhibitor in solutions prepared by mixing partially purified invertase and inhibitor. The tuber extract represented by the data in Figure 6 seemed to require longer periods. Still other extracts reached maximal invertase activity with foaming periods ranging from 10 to 40 min. Such variation was not caused by random experimental error, as the results for a given extract were much more reproducible than the results for different extracts. Thus it would appear that approximations of relative inhibitor and invertase concentrations can be obtained by assaying extracts before and after the passage of N2 through the extracts. In following this procedure, it would be desirable to ascertain the optimal foaming period for each extract and to carefully control bubbling rate.
